United States HIV guidelines delineate preferred antiretroviral treatment (ART) and discourage use of subpotent, toxic, or adversely interacting combinations. It is unclear how often patients receive guideline concordant ART and what factors are correlated with receiving guideline-inconsistent ART. The objective of this study was to assess ART reported by participants of the Women's Interagency HIV Study (WIHS) and the Multicenter AIDS Cohort Study (MACS) to determine whether gender is associated with receipt of guideline-inconsistent ART. ART reported by WIHS and MACS participants from 1 January 2001, to 31 December 2007, was assessed for concordance with HIV guidelines. Logistic regression with generalized estimating equations estimated the crude and adjusted odds ratios and 95% confidence intervals associated with guideline-inconsistent regimens. Of 2937 participants, 463 subjects (WIHS n 0 263; MACS n 0 200) reported guideline-inconsistent ART during the study period. Age ! 50 years (aOR 0 2.22, 95% CI 1.14, 4.33) and HIV-1 RNA (aOR 0 1.17, 95% CI 1.08, 1.25) but not participant gender (aOR 0 1.21, 95% CI 0.88, 1.65) were associated with guideline-inconsistent ART. The prevalence of guideline-inconsistent ART peaked in 2004; however, there was not a statistically significant increase or decrease over time. Guideline-inconsistent ART was not related to gender, but was often used by older patients and patients with higher viral loads. Monitoring ART quality based on concordance with expert guidelines could improve treatment outcomes in a substantial number of patients.
Introduction
Antiretroviral treatment (ART) strategies continue to evolve rapidly due to the introduction of convenient dosing formulations, improved adverse effect profiles, and drugs with novel mechanisms of action. As the antiretroviral formulary expands, preferred drug regimens that suppress viral replication, raise CD4 T-lymphocyte (CD4) counts, and minimize toxicity are determined through both clinical research and provider experience. Combinations that are less potent, result in excess toxicity, or have unsubstantiated effects are also determined. These optimal and sub-optimal regimens are defined in expert HIV treatment guidelines published by the US Department of Health and Human Services (DHHS), which are updated frequently as new clinical information emerges (''Guidelines for the use of antiretroviral agents in HIV-1-infected adults and adolescents,'' 2009).
Although HIV treatment guidelines are widely available, some groups may be at higher risk of receiving suboptimal ART. Women may be particularly at risk for ART disparities; previous studies have found that HIV-infected women in the USA and Canada were less likely to receive any ART or early ART, were less likely to receive protease inhibitors, and frequently received initial ART regimens that were inconsistent with treatment guidelines Cocohoba et al., 2008; Eisenman et al., 2007; Gebo et al., 2005; King et al., 2008; McNaghten, Hanson, Dworkin, & Jones, 2003; Mocroft, Gill, Davidson, & Phillips, 2000; Smith & Kirking, 1999) . The objective of this study was to determine whether gender is associated with receiving guideline-inconsistent ART by comparing use of antiretroviral regimens as self-reported by women in the Women's Interagency HIV Study (WIHS) and men in the Multicenter AIDS Cohort Study (MACS). These large observational cohort studies provide an opportunity to look at real-world antiretroviral prescribing patterns in relation to a wide range of potentially influential social and demographic characteristics.
Methods

Study populations
The WIHS is the largest prospective, observational cohort study of the natural and treated history of HIV in women in the USA. Women were enrolled at six sites including Bronx, NY; Brooklyn, NY; Baltimore, MD/Washington, DC; Chicago, IL; the San Francisco Bay Area; and Los Angeles, CA, during two recruitment waves in 1994Á1995 (n 02625 women) and 2001Á2002 (n 01143 women). Descriptions of the WIHS cohort and its methodology have been published previously (Bacon et al., 2005; Barkan et al., 1998) . WIHS participants undergo semi-annual study visits during which an extensive interview is administered including inquiries about socio-demographic characteristics, medical care, health status, mental and behavior health issues, and medication use. In order to improve the accuracy of ART selfreport, the WIHS cohort employs medication photo-ID cards to prompt recall and offers participants the option of bringing their medications to study visits to assist in identification. A clinical examination and blood draw for laboratory testing is also performed at each study visit. The WIHS does not provide clinical care; therefore ART is prescribed by the participant's treating clinician.
The MACS is the largest prospective, observational cohort study of the natural and treated history of HIV among men who have sex with men in the USA. Participants were recruited from four centers located in the Baltimore, MD/Washington, DC; Chicago, IL; Pittsburgh, PA; and Los Angeles, CA, during three recruitment waves in 1984Á1985 (n 0 4954 men), 1987Á1991 (n 0668 men), and 2001Á2003 (n 01,351 men). Similar to the WIHS, participants undergo semi-annual study visits with an extensive interview, clinical examination, and blood draw; the MACS does not provide clinical care. The MACS cohort has also been described elsewhere (Chmiel et al., 1987; Dudley et al., 1995; Kaslow et al., 1987) .
Demographic, laboratory, and ART data collected from both cohorts were combined for this study. All HIV-infected WIHS and MACS participants who reported using ART between 1 January 2001 and 31 December 2007 were considered eligible. Study visits at which women were pregnant and using ART for prevention of mother to child transmission were excluded from the analysis.
Outcome of interest
The outcome measured for this study was whether the reported antiretroviral regimen was consistent or inconsistent with HIV treatment guideline recommendations in place at the time of study visit. ART combinations reported by participants at each study visit were analyzed. DHHS treatment guidelines issued between 2000 and 2007 were reviewed, and regimens were date-matched to the guidelines to evaluate if the treatment was consistent with guidelines (Table 1 ). Visits where participants reported using combinations that were listed in the guidelines as ''not recommended'' or ''generally not recommended'' were classified as having guideline-inconsistent ART.
Exposure of interest and potential predictors
The exposure of interest is gender, which was categorized by participant's self-report as male or female. Additional covariates of interest were identified based on important differences that exist between the male and female participants in the MACS and WIHS. Race was measured by self-report upon initial enrollment into the MACS and WIHS studies. At the visit in which ART was first reported, self-reported highest educational attainment, annual household income, employment status, drug and alcohol use in the last six months, health and prescription drug insurance, and the presence of depressive symptoms were measured. Health insurance status was classified as public (including Medicaid/Medi-CAL, Medicare, and Veteran's health insurance), private, and none. Having prescription, drug insurance was classified as reporting any prescription drug insurance (including AIDS Drug Assistance Program) versus none. A Center for Epidemiologic Studies Depression score (CES-D) of ]16 was used to classify participants as having depressive symptoms. CD4 and HIV-1 RNA were measured at, and six months prior to, ART initiation using standard techniques at laboratories which participate in National Institutes of Health/ National Institute of Allergies and Infectious Diseases quality assurance programs. Having an AIDSdefining clinical condition was measured at, and the visit prior to, ART initiation, classified as selfreporting a clinical AIDS diagnosis (defined by the 1993 Centers for Disease Control and Prevention surveillance definition, excluding CD4 count B200 cells/mm 3 ) (CDC, 1993) .
Statistical analyses
Statistical differences in the proportions and means of participant characteristics upon inclusion into our study were determined using the chi square test (or Fisher's Exact) and Student's t-test statistics, respectively. A secular trend in the proportion with Didanosine ' tenofovir ' NNRTI for initial therapy Amprenavir for initial therapy guideline-inconsistent ART regimens was tested using the Cochran-Armitage test of trend for proportions. Crude (OR) and adjusted odds ratios (aOR), and 95% confidence intervals (95% CI) were estimated using logistic regression models with generalized estimating equations (GEE) to account for within-individual correlations (Spiegelman & Hertzmark, 2005; Zeger, Liang, & Albert, 1988; Zocchetti, Consonni, & Bertazzi, 1997) . Data were initially stratified by gender to determine sex-specific covariates of guideline-inconsistent ART. Covariates with face validity or with statistically significant univariate associations were included in the models. Then, data from men and women were combined to estimate the association of gender on receipt of guideline-inconsistent ART. The final model included covariates with statistically significant, gender-specific univariate associations, as well as covariates with face validity. STATA version 10.0 (College Station, TX) was used for all analyses and a two-sided p-value of B0.05 guided interpretation.
Results
A total of 1672 WIHS women and 1265 MACS men reported using ART at 22,250 study visits that occurred between 1 January 2001 and 31 December 2007. WIHS women were predominantly younger Black women, with lower educational attainment, lower household incomes, and greater use of public health medical payors as compared to MACS men (Table 2) . MACS men had a higher mean CD4 count, a lower mean log 10 HIV-1 RNA, and did not report a CDC-defined AIDS diagnosis as frequently as WIHS women, when they entered our study. Guideline-inconsistent ART was reported by 463 participants (16%) at n 0922 study visits (4%) from 2001 to 2007. Of the study visits where participants reported using guideline-inconsistent ART, many were sub-potent regimens (e.g., mono/dual therapy; 67% WIHS; 59% MACS; 63% combined). Some participants reported toxic combinations (e.g., didanosine' stavudine; 17% WIHS; 28% MACS; 22% combined) at their visits. Fewer participants reported adversely interacting combinations (e.g., zidovudine'stavudine; 15% WIHS; 12% MACS; 14% combined) or combinations which were otherwise not recommended (e.g., enfuvirtide for treatment naı¨ve patients; B1% for WIHS, MACS and combined) during their study visits. The most frequently reported guideline-inconsistent regimens included use of didanosine plus stavudine after November 2003 (21% combined), use of dual drug therapy between July 2003 and October 2004 (20% combined), use of saquinavir as the sole PI after the year 2000 (14% combined), and ART monotherapy used during 2001Á2006 (12% combined). Figure 1 illustrates the prevalence of guidelineinconsistent regimens by calendar year and cohort. The proportion of visits at which participants reported using guideline-inconsistent ART remained stable over the study period, ranging from 3% to 8% (p for trend 00.70). The prevalence of guidelineinconsistent ART peaked in 2004, likely due to the influx of four new antiretroviral agents in 2003, and two updates to the DHHS guidelines issued during 2004. There was no linear trend over time in the prevalence of guideline-inconsistent ART for WIHS (p 00.43) or MACS participants (p00.92).
Potential factors that may influence the receipt of guideline-inconsistent ART were examined by gender (Table 3) . For WIHS women, having a higher HIV viral load at the previous study visit (OR 0 1.17, 95% CI 1.08, 1.27) was associated with AIDS Care 23 a greater odds of reporting a guideline-inconsistent regimen. Having a CD4 count ]350 cells/mm 3 measured at the prior study visit was associated with a 34% decrease in odds of reporting guidelineinconsistent ART (OR 00.66, 95% CI 0.47, 0.94).
After adjustment for age, race, insurance payor type, prescription drug coverage, prior visit CD4 count, and prior visit HIV viral load, only HIV viral load remained a significant predictor of a guideline-inconsistent regimen in WIHS women (aOR 0 1.16, 95% CI 1.05, 1.27). For MACS men, higher HIV viral load at the prior study visit (OR 01.11, 95% CI 1.00, 1.23) was also associated with guideline-inconsistent ART in univariate analyses (Table 3) . A statistically significant association between having a higher HIV viral load and receipt of guideline-inconsistent ART remained (aOR 0 1.19, 95% CI 1.07, 1.34) after adjustment for age, race, insurance payor type, prescription drug coverage, and prior visit CD4 count.
In the analysis that included both men and women, gender was not associated with reporting guideline-inconsistent ART in univariate or multivariate models (Table 4 ). Age !50 years (OR 01.19, 95% CI 1.13, 3.32), moderate consumption of alcoholic beverages (OR 0 1.35, 95% CI 1.05, 1.74), and higher HIV viral load at the prior study visit (OR 0 1.13, 95% CI 1.06, 1.21) were linked to guideline-inconsistent ART. After adjustment for gender, race, insurance payor, prescription drug coverage, and prior visit CD4 count, age over 50 years (aOR 02.22, 95% CI 1.14, 4.33) and HIV viral load (aOR 01.17, 95% CI 1.09, 1.26) retained a statistically significant association with reporting guideline-inconsistent ART.
Discussion
Our study found that use of guideline-inconsistent ART did not significantly differ by gender in two large cohorts of HIV-infected persons in the USA. Previous studies have found important gender-based differences in the receipt and quality of ART. Female sex has been associated with a lower likelihood of receiving any HAART (OR 0 0.68, 95% CI 0.60Á 0.76), early ART, and lower likelihood of starting a protease inhibitor-based regimen McNaghten et al., 2003; Mocroft et al., 2000; Smith & Kirking, 1999) . Our study used treatment guidelines, rather than a benchmark drug class to classify appropriateness of regimens. Guidelines serve as a more specific quality marker in that they outline components of ART regimens which should be avoided for lack of potency as well as increased toxicity. Our study was also conducted in a more recent era of HAART where knowledge of HIV and its treatment is better disseminated amongst clinicians. Our study does not refute prior studies, but rather adds to their story: women may be less likely to receive ART because they enter into HIV care later or because they are less likely to seek HIV specialist care Crystal, Sambamoorthi, & Merzel, 1995; Cunningham et al., 2000; Gardner et al., 2002; Smith & Kirking, 1999; Sohler, Li, & Cunningham, 2009 ). Yet, when women are in care and receiving ART, our study suggests that their treatment is as concordant with guidelines as it is for males. This finding is reassuring, but measures to promote equal ART must continue to be enforced. Participants in the WIHS are likely to have better access to care and ART compared to women in developing nations, therefore clinicians and administrators must still remain vigilant to reduce potential treatment disparities.
In the gender-specific and combined analyses, older age and increasing HIV viral load were associated with reporting a guideline-inconsistent ART regimen. Older participants may be more treatment experienced and may require what would otherwise be sub-optimal regimens; they may have reported their regimens inaccurately, or they may have been taking their ART in a manner that was different than was prescribed. Having a higher viral load at the prior study visit was also associated with a small, but statistically significant, increase in odds of reporting guideline-inconsistent ART. This association could be due to ART-experienced patients with high viral loads having limited choices and resulting in the use of more toxic combinations, or the use of low-potency or antagonistic ART continued from one study visit to the next.
A major limitation to our analysis is the difference between the MACS and WIHS cohorts with regard to other factors than gender, which could result in residual confounding and a masking of the association of gender and guideline-inconsistent ART use. These differences, however, reflect the differences in the HIV epidemic in the USA. Adjustment for important potential confounders, including race, insurance type, and prescription drug insurance resulted in no correlation between gender and the use of guideline-inconsistent ART. Further, these confounders were not correlated with guideline-inconsistent ART in univariate or multivariate analyses, suggesting they are not masking a gender association. The WIHS is reflective of the characteristics of the US HIV epidemic among women while the MACS is reflective of the US HIV epidemic among gay and bisexual men. It is Year
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AIDS Care 25 unknown whether reports of guideline-inconsistent ART would differ between women and heterosexual men. Some studies have suggested that homosexual and heterosexual men may differ in ART uptake, but differences in the classes of ART used by these groups is not well described (Easterbrook et al., 2008) . Another potential limitation of our study is the reliance on self-reported measures of Lastly, our analyses may underestimate the frequency of use of guideline-inconsistent regimens. Men and women participating in the MACS and WIHS cohort studies may have been more likely to receive ART that is guideline consistent compared to HIV patients in general, because they live in urban areas with a higher prevalence of HIV infection and greater access to centers of expertise. Although the MACS and WIHS studies do not provide clinical care, the participants are in contact with investigators based at sites that do care for large numbers of HIV-infected patients. Participants may receive information from their cohort studies that may assist them in getting optimal HIV and antiretroviral care.
Conclusion
In the modern era of HAART, use of guidelineinconsistent ART did not differ by gender. Age and higher viral load were associated with receipt of guideline-inconsistent ART. Although the prevalence of guideline-inconsistent therapy remained low over the study timeframe, it could be a significant contributor to the occurrence of regimen failure and/or adverse effects. Thus, monitoring the use of ART amongst patient sub-groups may have substantial benefits. The continual introduction of new antiretroviral agents and increasing complexity of combinations calls for continued efforts to promote optimal ART for all HIV-infected patients.
